Nucleotide and deduced amino acid sequences of the outer capsid proteins VP4 and VP7 of a murine rotavirus strain (YR-1) isolated in Japan were determined.
Rotavirus is an important viral agent of acute gastroenteritis all over the world, especially in the developing countries. Although vaccine development is in progress, it has been proved difficult to obtain sufficiently broad protection against the large number of different human rotavirus serotypes (2-4). The principal failure of vaccine candidates in field trials has been due to the limited immune response elicited to the antigenic regions relevant to protection of the rotaviruses (5) . Passive immune prophylaxis of rotavirus gastroenteritis was proved to be feasible in suckling mice and infants with lyophilized colostral milk from human rotavirus-immunized cows (6) . For experiments with active and passive immunity against rotavirus gastroenteritis, a murine model has been employed by using either homologous or heterologous rotaviruses (6) (7) (8) (9) . Epizootic diarrhea of newborn mice, YR-1, was observed in Japan in 1974 (10) . The virus was propagated in the newborn mice and then cultivated in both primary monkey kidney cells and MA104 cells (11) . Oral administration of the MA104-adapted YR-1 virus caused diarrhea in the newborn mice, as is the case with SAll strain of simian rotavirus (11) . It has not yet been possible to determine the VP7 serotype of the virus by using the serotype-specific anti-human rotavirus monoclonal antibodies, although the virus could be classified into group A by utilizing polyclonal antibodies (12) . Moreover, we were not able to determine the serotype by reverse transcription or polymerase chain reaction (RT-PCR) with the serotype-specific primers, which have been described by Gouvea et al (13) .
In this study, we sequenced the VP7 and VP4 genes of YR-1 by using RT-PCR products. The sequences were compared with those of other rotaviruses including EB, EW, EC, EL and EHP of murine rotaviruses which were recently reported (1, 14) . YR-1 was cultured in MA104 cells (11) . The viral RNA was extracted from the supernatant and cells by the guanidine thiocyanate and glass powder method (15) .
RT-PCR was performed as described previously (16) The second PCR products were sequenced directly by using a dideoxynucleotide-sequencing kit with the primers (17) . The sequencings were confirmed by using other combinations of the primers.
A series of biotinylated G1-, G2-, G3-, and G4-specific monoclonal anatibodies (BH49, BW36, BC5, and BE 18, respectively) and G1 to G4 common monoclonal antibody (BB4) were separately used after unbiotinylated group A common monoclonal antibody (AH6) of the solid-phase and the murine rotavirus reacted. Peroxidase-conjugated streptavidin was then added (12, 18) . The other series of G1-, G2-, G3-, and G4-specific monoclonal antibody (KU-4, S2-2G10, YO-1S3, and ST-2G7) and G1 to G4 common monoclonal antibody (YO-156) were used as the solid phase. After adding the murine rotavirus, hyperimmune rabbit serum against the Wa strain and besides peroxidase-conjugated goat anti-rabbit immunoglobulin G were used (12, 18) . EIA of P type was evaluated by the capture antibody method with P8-specific monoclonal antibodies (YO-1S3, YO-2C2 and KU-6B11) (19) . The deduced amino acid sequence of YR-1 strain was very similar to those of EW, EB, EC, EL and EHP of murine strains (Fig. 1) . The identities between YR-1 and the other five murine rotavirus strains were more than 92%, whereas those between murine rotaviruses and other rotavirus strains representing different G serotype were less than 90%. Simian strains SA 11 and RRV of G serotype 3 were more homologous to murine rotaviruses than were other G serotype strains (Table I). (Fig. 2) . All homologies among murine rotaviruses in this gene were more than 80%. The homologies between YR-1 and EW, EB, EC and EL recorded 92-96%, which was higher than 83% of homologies between YR-i and EHP. The homologies between murine rotaviruses and the other strains representing different P types were less than 80% (Table I) .
YR-1 reacted strongly to YO-156 and BB4 anti-VP7 (G1 to G4) monoclonal antibodies, but it did not react to KU-4 or BH49 (G1), S2-2G10 or BW36 (G2), YO-
1E2 or BC5 (G3), ST-2G7 or BE18 (G4), YO-iS3, KU-6B11 or YO-2C2 (P8)
monoclonal antibody (Table II) .
Mice offer a convenient model system for rotavirus infection. Not only homologous rotaviruses such as EW, ER and YR-1, but also heterologous strains such as SA11 (G3), MO (G3) and a vaccine candidate strain (e.g., RRV, G3) cause gastroenteritis in newborn mice (6) (7) (8) (9) . The conventional method of serotyping is the plaque-or focus-reduction neutralization assay. EC, EW or EHP did not react to the hyperimmune sera against Wa (G1), DS-1 (G2) and ST3 (G4), while they showed one way reaction or weak reaction on the opposite way to either G3 monoclonal antibodies (YO-159 and YO-1E2) or the hyperimmune antisera against SAil (G3) and NCDV (G6) (1). Our ETA showed that YR-1 did not react to any of the monoclonal antibodies specific to G1, G2, G3 or G4. Further studies are needed to find whether YR-1 is included in the G3 serotype group or not. The VP4 sequence of murine rotavirus YR-1 was compared to those of murine strains EW, EB, EC, EL and EHP (5). Amino acid residues identical to those of YR-i are shown with dashes. Gaps are inserted to achieve the best possible alignment and are indicated with asterisks.
The region of the highest degree of genetic specificity among P types or region B (amino acids 84-180) is shown over the sequence. The potential trypsin cleavage sites are indicated with double arrows. Nucleotide sequences of the gene encoding VP4 of murine rotaviruses YR-1, EW, EB, EC, EL and EHP have been submitted to GenBank under Accession NOs. D45216, U08429, U08419, U08421, U08426 and U08424, respectively. (rabbit), R2 (rabbit), CU1 (dog), A79-10 (dog), LSU79C-36 (dog), CAT97 (cat) and CAT2 (cat) and 87.9 to 85.0% homologous to YO (human), MO (human) and other human rotavirus strains (20) . The VP7 amino acid sequence of YR-1 strain was 92-95% homologous to those of the EW, EB, EC, EL and EHP strains, however, the homologies between YR-1 and other animal rotaviruses shown in Table I were less than 90%. Homology of 88% or greater was considered to belong to the same VP4 genotypes. YR-1 is more similar to SA11 and RRV of simian rotaviruses of G3 than to the strains of the other G serotypes.
The serotyping system with antiserum to the baculovirus-expressed VP4 is based on the difference greater than or equal to 8 to 32-fold in reciprocal neutralizing antibody titers. Antisera to recombinant VP4s of five distinct P serotypes and two subtypes failed to react significantly to EB strain in neutralization assay (14) . The VP4 is cleaved by proteolytic digestion to VP5 and VP8. The VP8, especially region B (position 84 to 180) contains the major antigenic site relevant to the VP4 serotype-specific neutralization (1, 14, 22) . Homologies of the VP8 and region B discriminate more clearly murine rotaviruses from other animal rotaviruses (1, 14) . YR-1 is more similar to EW, EB, EC and EL (data not shown). From these results, YR-1 belongs to the new P type (P17).
To conclude, it needs to be mentioned that the mouse strain, YR-1, is the only strain which is reported in Japan and the cultivation of the mouse rotavirus was succeeded for the first time in the world (11) . The need of using the virus seems to be high for the future animal experiments.
The study brought out the fact that the mouse rotavirus has unique nucleotide and amino acid sequences. The results will be significant for further study not only on the epitope analysis but also on making recombinant viruses with the strains of other species and its in vivo experiments.
